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acquired at a radiation exposure equivalent to corresponding
plain radiographs would be of grossly substandard image
quality, almost certainly resulting in a failure to adequately
visualize many anatomic structures. Over the past decade,
successive technical breakthroughs have facilitated
diagnostic-quality CTs to be acquired at rapidly declining
ionizing radiation exposures. Today, the mean effective
dose of a radiographic series of the abdomen at 0.7 mSv,
pelvis at 0.6 mSv, thoracic and lumbar spine at 1.0 and
1.5 mSv, respectively [1] appear licentious when compared
with exposures achieved in recent low-dose CT trials
(Table 1). In an era in which low-dose CT has facilitated
a 20% reduction in mortality among smokers [7]. and in
which doses continue to substantially fall, we propose that
radiologists and clinicians should critically reevaluate the
risks and benefits of performing many plain radiographic
examinations.* Address for correspondence: Patrick D. McLaughlin, Department of
Radiology, Vancouver General Hospital, 855 W 12th Avenue, Vancouver,
British Columbia V5Z 1M9, Canada.
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In brief summary, there have been 3 key developments in
CT dose reduction technology that have facilitated the
aforementioned trend. Automated exposure control ensures
efficient dose delivery by modulating tube current according
to patient width and attenuation profile [8e10]. Fixed tube
current settings were commonplace in older-generation CT
systems and resulted in wider, more attenuating areas, such
as the shoulders receiving the same exposure as narrower less
attenuating regions such as the upper lungs. More recently,
algorithms that modulate CT voltage according to patient
size and CT application have also been implemented with
good success [11].
After ensuring efficient dose delivery, the largest chal-
lenge to obtaining diagnostically acceptable CT images at
exposure levels similar to plain radiographs is the severity of
random variation in attenuation values that occur within the
normal anatomic structures in these images otherwise
known as noise. The magnitude of image noise at low CT
exposure is fundamentally related to the image reconstruc-
tion process [12]. Iterative reconstruction algorithms use
a varyingly complex model of the physical characteristics of
the x-ray tube, beam, and the 3-dimensional interaction of
the x-ray beam within the patient to reduce noise and are
clearly better than more traditional methods of reconstruc-ll rights reserved.
Table 1
Reported dose values for recent SECT, DSCT, and DECT studies
Authors/year Study title Description SECT DSCT DECT
Kerl at al, 2011 [2] Dose levels at
coronary CTA: a
comparison of DECT,
DSCT, and 16-slice CT
68 patients in each of
3 groups: 16-slice
MDCT, DSCT, and
DECT underwent
coronary CTA
Mean radiation dose
(mSv): 12  3.59
DLP (mGy.cm):
760  153.88
Mean radiation dose
(mSv): 9.8  4.77
DLP (mGy.cm): 578.07
 282.49
Mean radiation dose
(mSv) 4.54  1.87
DLP (mGy.cm):
270.81  109.21
Leschka
et al, 2008 [3]
Low kilovoltage cardiac
DSCT: attenuation,
noise, and radiation
dose
Dual-source CTCA with
retrospective ECG
gating in 40 patients at
120 kV per 330 mAs;
20 at 100 kV per 330
mAs; and 20 at 100 kV
per 220 mAs.
Estimated ED (mSv):
(1) 8.9  1.2 (120 kV
per 330 mAs);
(2) 2.6.7  0.8 (100
kV per 330 mAs);
(3) 3.4.4  0.6 (100
kV per 220 mAs).
DLP (mGy.cm):
(1) 522  69 (120 kV
per 330 mAs);
(2) 391  46 (100 kV
per 330 mAs);
(3) 261  34 (100 kV
per 220 mAs).
De Zordo
et al, 2012 [4]
Comparison of image
quality and radiation
dose of different
pulmonary CTA
protocols on a 128-
slice CT: high-pitch
DSCT, DECT, and
conventional SECT
Pulmonary CTA
performed with 5
protocols:
high-pitch DSCT
(100 kV and 120kV);
DECT (100/140 kV);
SECT (100 kV and
120 kV)
Mean radiation dose
(mSv): 5.81 (120kV),
3.58 (100kV)
Mean radiation dose
(mSv): 2.52 (100kV)
Mean radiation dose
(mSv): 4.2
de Broucker
et al, 2012 [5]
Single- and dual-source
chest CT protocols:
levels of radiation dose
in routine clinical
practice
634 adult outpatient
and inpatients
undergoing thoracic
CT examination with
and without a contrast
agent
Average DLP (mGy.cm):
211.1
Average DLP (mGy.cm):
97.12
Ho et al, 2009 [6] Dual-energy vs single-
energy MDCT:
measurement of
radiation dose using
adult abdominal
imaging protocols
Radiation dose of
dual-energy and single-
energy MDCT imaging
using adult liver, renal,
and aortic imaging
protocols
ED (mSv): 9.4-13.8
DLP per phase
(mGy.cm): 290.9-614.6
ED (mSv): 22.5-36.4
DLP per phase
(mGy.cm): 276.9-997.1
CT ¼ computed tomography; CTA ¼ CT angiography; DECT ¼ dual-energy CT; DLP ¼ dose-length product; DSCT ¼ dual-source CT; ED ¼ effective dose;
MDCT ¼ multidetector CT; SD ¼ standard deviation; SECT ¼ single-energy CT; ECG ¼ electrocardiogram.
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struction algorithms have been pivotal in preserving diag-
nostic quality at increasingly low radiation exposures, with
reductions in the order of 80% reported in the literature, with
little or no loss of image quality [14,15]. If a reduction in
image quality is acceptable for certain clinical indications
significantly more aggressive reductions in CT dose are
theoretically possible, to a point, when using iterative
reconstruction.
At this point, ultra-low photon flux across the CT detector
means that electronic noise contributes substantially more to
the reconstructed image. Electronic noise is related to the
configuration of detector elements and signal processing
pathways at the circuit-board level. Conventional solid-statedetectors consisted of a scintillator layer that converts the
incoming x-ray photons into visible light and a photodiode
array that converts the visible light into an electric current. An
analog-to-digital converter is required to digitize the emitted
electric current, and, in conventional solid-state or second-
generation detectors, this is positioned separately from the
scintillator and photodiode array, and typically resides on its
own discrete electronic circuit board. Recently, third-
generation CT detectors, in which the analog-to-digital
converter and photodiode layers are combined have been
introduced into clinical practice. These third-generation
CT detectors have been described as having an integrated
circuit rather than discrete circuit design but have also
been termed application-specific integrated circuit and fully
Figure 1. A 28-year-old pregnant female patient with acute cervical spine tenderness after a motor vehicle collision. Axial (A) and sagittal (B) T2
short-tau inversion recovery magnetic resonance images, demonstrating increased bone and soft tissue signal in the region of the left lateral mass of
C3 (arrow) and traumatic extrusion of the C3 disk (arrowhead). Ultra-lowedose computed tomography (CT) (dose-length product ¼ 56 mGy.cm, effective
dose ¼ 0.6 mSv) was performed to better characterize the suspected fractures. Axial (C) and sagittal (D) reformatted images clearly demonstrate an acute
left C3 transverse process (arrow) and the extruded disk (arrowhead). (The average C-spine radiograph and CT C-spine effective dose in 2008 was 0.2 mSv
and 6 mSv, respectively [1]).
Figure 2. Coronal (A) and axial (B) reformatted ultra-lowedose chest computed tomography (CT) (dose-length product ¼ 26 mGy.cm, effective
dose ¼ 0.52 mSv) images performed on a 24-year-old male patient to investigate a suspected nodular opacity at the lung base found, but incompletely
imaged, during an abdominal CT investigation (B, arrow). (The average chest radiograph and CT chest effective dose in 2008 was 0.1 mSv and 7 mSv,
respectively [1]).
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Figure 3. A 30-year-old female patient with chest pain and atrial fibrillation was referred for coronary artery CTA. An ultra-lowedose functional coronary CTA
(dose-length product ¼ 50 mGy.cm, effective dose ¼ 1 mSv) was performed to allow reconstruction of the coronary vessels throughout the cardiac cycle.
Curved planar reformatted images, demonstrating no plaque in the right (A) and left anterior descending (B) coronary arteries. (The average coronary
angiography and computed tomography chest effective dose in 2008 was 16 mSv and 7 mSv, respectively [1]).
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nents and the length of analog conducting paths are signifi-
cantly reduced, and initial phantom studies demonstrate
reduced electronic noise; improved quantum efficiency; and
most important for ultra-low-dose imaging, a substantially
lower photon detection threshold [16].
Early Clinical Experience
In our practice, we find that by using a combination of these
dose-reducing technologies and individually tailored modifi-
cations to CT pitch, detector configuration, and tube filtration,
it is now possible to obtain CT images in select individuals at
comparable exposures to a corresponding series of plain
radiographs. This possibility radically changes a large number
of basic assumptions that are integrated into establishedFigure 4. A 22-year-old female patient scheduled to undergo shock wave litho
demonstrate the stone. Axial (A) and coronal (B) images from an ultra-lowedose
27 mGy.cm, effective dose ¼ 0.4 mSv) was performed and clearly demonstrated t
CT abdomen effective dose in 2008 was 0.7 mSv and 8 mSv, respectively [1]).clinical care and patient management pathways, and we
believe that this will create a paradigm shift as to how we best
deliver ionizing radiation in future years. We present 5
recently performed clinical imaging examples acquired by
using a dual-source 128-slice CT systemwith third-generation
integrated circuit detectors (Definition FLASH; Siemens
Healthcare, Forcheim, Germany) and invite discussion and
further research into the implications that modern dose
reduction strategies will undoubtedly have on our clinical
practice (Figures 1-5).
Acknowledgements
The Department of Radiology, Vancouver General
Hospital has a Master Research Agreement with Siemens
Healthcare, Forcheim, Germany.tripsy for a known left intrarenal calculus. Abdominal radiograph did not
, noncontrast, abdominal computed tomography (CT) (dose-length product ¼
he nonobstructing calculus (arrows). (The average abdominal radiograph and
Figure 5. A 24-year-old female patient with suspected appendicitis. Ultra-lowedose abdominal computed tomography (CT) (dose-length product¼ 35 mGy.cm,
effective dose ¼ 0.56 mSv) with oral contrast was performed. (A) Coronal image, demonstrating a normal appendix (arrow). Sagittal reconstructions, showing
that the osseous and soft tissue structures of the lumbar spine are extremely well depicted despite the ultra-lowedose technique. (The average abdominal
radiograph and CT abdomen effective dose in 2008 was 0.7 mSv and 8 mSv, respectively [1]).
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